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Huffman tables, but not nearly as efficiently as for the es- 
cape tables. 

Transmitting the maximum length of a code word in a spectral 
section or block has another beneficial side effect. The de- 
coder can then detect from the maximum length which has actu- 
ally occurred whether a longer code word is present in a bit 
stream which may have been disturbed. Long code words normally 
signify a high energy of the spectral values. If a very long 
code word arises due to a transmission error this may result 
in a highly audible disturbance. Transmitting the maximum 
length thus provides the means of detecting such an error in 
the majority of cases and of adopting countermeasures, which 
might be simply blanking out the excessively long code word or 
might be some more complicated form of concealment. 

It is important to note that as many raster points as possible 
are wanted for error-tolerant and at the same time efficient 
coding. The number of raster points is, however, limited by 
the total length of the bit stream. This should not of course 
be lengthened as a result of rastering, since there would then 
be unused places in the bit stream, something which would con- 
tradict the philosophy of overall data compression. However, 
it must also be pointed out that a lengthening of the bit 
stream may well be accepted in the interests of a high degree 
of error tolerance in certain applications. Another point to 
be considered is that a raster should preferably be structured 
so that as many code words as possible start on raster points. 
The present invention thus permits effective flexibility in 
the choice of raster point distance as compared with the prior 
art. In the absolutely ideal case this flexibility would lead 
to each code word having a raster point assigned to it, some- 
thing which involves considerable technical effort. The method 
of arranging the raster points, i.e. determining the distance 
between the raster points of each spectral section according 
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to the relevant code table, permits a very close approximation 
to the optimal case, however, especially since not all the 
code words are psychoacoustically significant and since all 
the psychoacoustically less significant code words can be 
slotted into the bit stream between the rastered psychoacous- 
tically significant code words so as to leave no unused places 
in the bit stream. 

According to a third aspect of the present invention the code 
words are no longer arranged in the bit stream in a linearly 
increasing sequence as regards frequency but the code words 
for different spectral values are "scrambled''. In Fig. 1 it 
can be seen that there is to a certain extent an interleaved 
linear arrangement of the code words with frequency since the 
hatched priority code words are arranged in order of increas- 
ing frequency and the non-priority code words, which are not 
hatched, are also slotted into the bit stream in order of in- 
creasing frequency. If a so-called "burst" error were now to 
occur in the bit stream shown in Fig. 1, i.e. a disturbance 
which leads to the corruption of a number of successive code 
words, the code words 6, 7a, 2, 3 and 7b for example could be 
affected simultaneously. 

In the corresponding decoded audio signal a disturbance which 
is spectrally relatively wide and thus likely to be distinctly 
audible would occur in the spectral band represented by the 
priority code words 2 and 3. The problem of burst errors is 
not very apparent from the very simple example in Fig. 1. In 
practice, however, it can be assumed that there will be many 
more than 5 raster points and that burst errors will often ex- 
tend over a plurality of raster points, which can lead to a 
loss of data for a relatively wide frequency band. It is for 
this reason that, according to the third aspect of the present 
invention, the priority code words of the spectral values are 
preferably no longer arranged in ascending order as to fre- 
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quency but are "mixed up" in such a way as to have a random or 
pseudo-random arrangement as regards frequency. The non- 
priority code words may also optionally be treated in the same 
way. In the case of a pseudo-random arrangement it is not nec- 
essary to transmit any information on the distribution as side 
information since this distribution can be set in the decoder 
a priori. As a consequence the loss of successive code words 
in the bit stream would not lead to the loss of a complete 
frequency band but simply to a very small loss in several fre- 
quency bands. This disturbance would scarcely be audible and 
could also be concealed more efficiently than the loss of a 
complete frequency band. 

According to a fourth aspect of the present invention, instead 
of an arrangement of the priority and non-priority code words 
which increases linearly with the frequency an arrangement can 
also be used in which e.g. only each n-th code word is ar- 
ranged in the raster and the remaining code words are slotted 
between them. As has already been stated, the number of raster 
points for a bit stream is limited by the total length and the 
distance between the raster points. If e.g. sampling with low 
bandwidth is considered, the case can occur that the vast ma- 
jority of the code words are psychoacoustically significant 
code words since the whole signal has a theoretically possible 
useful bandwidth of 8 kHz if a sampling rate of 16 kHz is 
used. Experience shows that only 30% of the code words can be 
arranged on raster points, the other 70% being required to 
fill up the raster completely. This would mean, however, that 
the important frequency range, the range 0-4 kHz for speech 
signals e.g., cannot be covered or "protected" with priority 
code words arranged on raster points. To achieve adequate pro- 
tection against error propagation for the important frequency 
range, therefore, instead of aligning every priority code word 
with a raster point this is done only for every second, third, 
fourth, etc. priority code word, while the other priority code 



